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Introduction
Coexistence of ecologically close species is conditioned by the partition of potentially shared resources, be they trophic or spatial (Chesson, 2000) , especially in resource-poor habitats. In evolutionary terms, the output of this process can be a competitively structured community (Chase and Leibold, 2003) , where species have managed to reduce interspecific competition by showing different success in resource exploitation (Pimm and Rosenzweig, 1981) , thus differing in specific aspects of their resource use (Chase and Leibold, 2003) . Differences between communities in species composition may reflect differences in environmental factors as well differences in the evolutionary outcomes of the species (Kotler and Brown, 1988) . As a result, local species composition is a function of the pool of species available and the resources available at a given site(see Kelt, 2011 , for a review).
Habitat selection is an evolutionarily shaped process whereby an organism tries to maximize survival and/or reproductive success (Morris, 1987) choosing between available resources (Morris, 2003) . Differential habitat selection and segregation is a mechanism to avoid competition, being a species-specific trade-off between predation risk, food availability and abiotic conditions (Kotler and Brown, 1999) . Habitat selection can occur at different spatial scales, from the level of macrohabitat, frequently taken as the plant community at which an organism carry out their primary biological functions, including dispersal (Morris, 1987; Kotler and Brown, 1988) ; to that of microhabitat, referred to structural and/ or floristic characteristics actually perceived by an organism, or foraging scale (Morris, 1987; Kotler and Brown, 1988; Traba et al., 2015) . Microhabitat selection can be especially effective for measuring environmental variables of parameters that are directly related to the evolutionary compromise between foraging and shelter (Traba et al., 2010) , and to evaluate whether particular selection patterns are maintained between different macrohabitats (Traba et al., 2010) .
In deserts, where resources are usually scarce and clumped, differential habitat selection can be a mean to reduce interspecific competition (Abramsky, 1988) . Specifically, desert rodents frequently form species assemblages characterized by just a few coexisting species, and some work has been made to disentangle the role of both macro-and microhabitat selection in their distribution and abundance (see for instance Morris, 1987; Morris, 1996; Traba et al., 2010) . Recent research has put the focus on the combined effect of macro-and microhabitat selection, which can allow species to share some kind of resources, but segregate on others. On the macrohabitat scale, vegetation, productivity and substrate type has been mentioned as factors explaining abundance and distribution of rodent assemblages (Abramsky, 1988; Corbal an, 2006; Traba et al., 2010) . On the microhabitat scale, plant cover and structure and soil type has emerged as key aspects of habitat selection, probably related to feeding, anti-predatory strategies and/ or burrowing strategies (Abramsky and Rosenzweig, 1984; Traba et al., 2010 ; but see Corbal an, 2006) . Grazing also influences plant diversity in many ecosystems (Milchunas and Lauenroth, 1993) , and both effects, positive and negative, have been described, depending on the intensity of the factor (Gamoun, 2014) . However, there is scarce information about the effect of grazing on rodent distribution and abundance in arid ecosystems, with contrasting results (see Tabeni and Ojeda, 2005; B€ osing et al., 2014) .
Most of the studies about habitat selection on rodents in arid zones have been centered on American (Kotler and Brown, 1988; Corbal an, 2006 ; see references in Traba et al., 2010) and Asian deserts (Abramsky and Sellah, 1982; Abramsky and Rosenzweig, 1984; Abramsky, 1988; Degen et al., 1997; Kam et al., 1997; Krasnov et al., 1996 Krasnov et al., , 2000 Kotler and Brown, 1999; Shenbrot & Krasnov, 2002 ; see reviews in Kotler and Brown, 1988; Kelt, 2011) . Just a few studies have focused in Mediterranean regions (see references in Noguerales et al., 2015) . Information about rodents in North African deserts is scarce, so is the possibility of comparison between habitat selection patterns in different regions and the confirmation of general rules.
In this paper we examine habitat selection of several rodent species in a North-African arid environment, where resource availability is drastically shortened in space and time. We analyse macro-and microhabitat selection in an assemblage of desert rodent species, in relation with grazing patterns, plant cover and structure, and floristic composition. We explored the hypothesis that these species must show some type of competitive resource partition (Kotler and Brown, 1988; Pimm and Rosenzweig, 1981) , well on a differential macrohabitat selection basis (coarse-grained selection), well on a microhabitat basis, with an apparent generalist behaviour (fine-grained selection), but showing some kind of partition at microscale.
Methods

Study area
The research was conducted in the Tunisian Bou-Hedma National Park (16,488 ha)(34 27 0 -34 32 0 N, 9º23 0 -9º41 0 E), belonging to the administrative districts of Sidi-Bouzid and Gafsa (Fig. 1) . The National Park was created in 1980, and included in the network of Biosphere Reserves by the UNESCO in 2008. It is located inside the natural region of the Southern plains (Le Houerou, 1995) in the preSaharian Tunisia. The climate is classified as a lower arid (Emberger, 1954) , and characterized by hot summers (June to September), cool winters (December to February) and unpredictable low rainfall. Mean temperature varies from 32 C to 36 C in summer and from 4 C to 7 C in winter (Derbel et al., 2007) . Mean annual precipitation is 152 mm in Gafsa and 247 mm in Sidi Bouzid, concentrated in 1e3 months at year. Spring and autumn are the rainiest seasons (63% of the rainfall). In the area, three geomorphological units can be distinguished: a mountain zone, a piedmont and a floodplain. A total area of 8814 ha is under full protection in two separated zones (hereafter, integral zones) connected by areas where grazing and agriculture activities are present (hereafter, buffer zones). The integral zones are fenced for more than 20 years and host only populations of introduced sahelo-saharan antelopes and gazelles: Scimitar-horned Oryx (Oryx dammah), Addax (Addax nasomaculatus), Dama Gazelle (Nanger dama, very few individuals) and Dorcas Gazelle (Gazella dorcas) with a stocking rate of about 0.007 animal units per ha. Herds of goats and sheep are frequent in the surrounding buffer zones, and some large domestic herbivores (dromedaries Camelus dromedaries and donkeys Equus assinus), with an estimated stocking rate of about 0.071 animal units per ha, ten times bigger than inside fenced areas.
The study sites included both integral and buffer adjoining zones of the flat landforms between the piedmont and the floodplain. Physiognomically, the vegetation is a pseudo-savanna dominated by steppe small shrubs and grasses with scattered shrubs and acacia trees (Acacia tortilis subsp raddiana Savi). Common perennial grasses are Cenchrus ciliaris L., Digitaria nodosa Parl. and Aristida ciliata Desf. Characteristics scattered shrubs are Haloxylon schmittianum Pomel, Haloxylon articulatum Boiss., Astragalus armatus Willd., Periploca laevigata Ait. and Rhanterium suaveolens Desf. Several shrubs, such as Rhus tripartitus R. Sch. and Zizyphus lotus (L.) Desf. seem to be spatially associated in clusters, of 1e10 m in diameter, and with other secondary plant species. Soils were low to moderately deep, classified as Xerosols, frequently limited by the presence of a calcareous or petrocalcic horizon. Soil texture varies from sandy near the influence of the oueds, to sandy clay in the flat forms. Superficial crusts as a consequence of wind erosion are frequent. Large shrubs and clusters play an important role accumulating the eroded soil.
Study species
We studied habitat selection in four species of genus Gerbillus: the Large North African dipodi Gerbillus campestris, the Lesser Egyptian gerbil Gerbillus gerbillus, the Baluchistan gerbil Gerbillus amoenus (previously Gerbillus nanus, following Ndiaye et al., 2013) and the Tarabul's gerbil Gerbillus tarabuli; and two species of genus Meriones: the Sundevall's jird Meriones crassus and the Shaw's jird Meriones shawii. These are all sympatric species of Gerbilline rodents (Family Muridae; Subfamily Gerbillinae; Wilson and Reeder, 1993) . Very scarce information exists about these species in North Africa, although some of them have been included in studies carried out in other parts of the world (see review in Kelt, 2011) . Some information about the biology of the studied rodents can be obtained from Aulagnier and Granjon (2008) ; Aulagnier et al. (2008a, b, c) and Granjon et al. (2008a, b) . In summary, they are small to medium sized species, ranging head-tail length from 90 þ 110 mm in G. amoenus to 175 þ 175 mm in M. shawii. They seem to be common to very common species in North Africa, linked to desert and arid regions. Some differences in habitat preferences have been mentioned, varying between sandy (G. amoenus, G. gerbillus, M. crassus, M. shawii) and rocky soils (G. campestris), although there are scarce formal analyses (Krasnov et al., 1996 (Krasnov et al., , 2000 Aulagnier and Grajon, 2008; Aulagnier et al., 2008a, b, c; Granjon et al., 2008a, b) . Gerbilline species seem to feed on plant material and seeds (Kotler and Brown, 1988; Degen et al., 1997) , and usually store food (Kelt, 2011) . Those classified in the IUCN Red List appear as Least Concern (Aulagnier and Grajon, 2008; Aulagnier et al., 2008a, b, c; Granjon et al., 2008a, b) .
Rodent captures and identification
Trapping was performed on April 2013 in two sampling areas of 103 and 142 ha, inside and outside of each integral zone. Each sampling area had 10 trapping sites, five within the fenced integral area (with presence of sahelo-saharan antelopes and gazelles) and five outside (with domestic grazing) (Fig. 1) . In order to reduce differences on other factors not related to grazing intensity between inside and outside fenced areas, trapping sites on each sampling area were placed near the fence, but about 150e200 m away to avoid the edge effect. Twenty-five Sherman live-capture traps (LFA 76 Â 89 Â 229 mm, 160 g) were set up in each trapping site, on a 5 Â 5 grid with 30 m spacing between traps (Fig. 2) . All traps were baited with a mixture of tuna, flour and oil (Traba et al., 2010) , and, whenever possible, were set under the cover of shrubs or dense herbs to conceal them and to provide some thermal insulation. Captured individuals were identified to the species, marked by fur-clipping (to identify recaptured individuals between nights) and released at the place of capture (Gurnell and Flowerdew, 1990; Traba et al., 2010; Noguerales et al., 2015) . Traps were visited twice a day, one time just after sunrise and again just before sunset. Traps remained opened for four consecutive days (96 h), resulting in a total of 2000 effective trap/day effort.
Vegetation sampling
2.4.1. Macrohabitat e site scale
We sampled vegetation structure and composition, grazing intensity and herbivore abundance at macroscale habitat in two 50 m linear transects, systematically located in the middle of each trapping site (Fig. 3) . Plant cover and gap size between plants was obtained by the line intercept method (Bonham, 2013) , measuring either the length of each intercepted plant or the space between them. Gaps less than 20 cm between plants were not considered. Floristic composition was estimated as the percentage of total intercept made by individual species. Vegetation cover and composition were considered as a proxy of food availability (Table 1 ) (see Traba et al., 2010 ; for a similar approach). As a surrogate for soil-burrowing capacity of rodents, in each transect we categorized the type of soil into compacted (rocky or crusted fine soils) or disaggregated (sandy soils) types, a soil feature known to affect rodent abundance and distribution (Torre et al., 2007) .
Trees and shrubs are used as perching sites by raptors, so we used its density as a proxy of predation risk by aerial predators. During the field work, a total of 14 different diurnal raptors and 3 owl species were identified, with the Black-winged kite (Elanus caeruleus), the Common Krestel (Falco tinnunculus) and the Longlegged Buzzard (Buteo rufinus cirtensis) as the most abundant ones (own unpublished data). Besides, some terrestrial potential rodent predators present in the study area were the African golden fox (Canis anthus), African wildcat (Felis lybica) and two fox species (Vulpes vulpes and Vulpes rueppellii), as the main ones. We estimated separately tree and large shrub density per site by the pointcentered quarter method (Bonham, 2013) on 10 random points distributed in each trapping site. Briefly, in each four quadrants around each point, the distance to the nearest tree and shrub was used to estimate the density of trees and large shrubs. In addition, visibility-refuge gradient per trapping site was estimated using gaps among plant patches, being these grouped per size, and thus assuming that more and bigger are the gaps so the predation risk is (Table 1) . Browsing intensity was estimated by evaluating herbivory pressure per transect, and depending on palatability, shape and damage by herbivore of each species. Thus, each species was visually classified in 1e6 classes of increasing damage by herbivore, from no or near null damage (0) to intense damage, with no evident plant growth is evident (6). Browsing intensity per site was estimated weighting the herbivore damage on each species per its cover. Relative herbivore abundance per site was assessed by the pellet-group count technique (Putman, 1984) . In a 1-m belt on each side of the 50 m transect, we recorded the number of pellet groups (more than 10 drops) as an estimation of the abundance of small wild herbivores (mainly Dorcas Gazelle), sheep/goats or big wild herbivores (Scimitar-horned Oryx and Addax) and big domestic ungulates (dromedaries and domestic donkeys).
Microhabitat e trap scale
Microhabitat was characterized in 25 m 2 plots centered in the trapping traps (Fig. 2) . Initially, microhabitat was characterized in eight systematically distributed plots in each site, and then in each trap with a rodent capture. When a rodent was captured in one of the eight initial characterized plots, the closest additional plot with no capture was characterized at the end of the trapping period. As a result, microhabitat was characterized in at least 8 plots with no capture and in all the traps with capture. In each plot, the cover of soil, litter and plant types (grass, small bushes, trees) was estimated visually into 6 classes (<5%; 5e10%; 11e25%; 26e50%; 51e75%; >75%), again as a proxy of food availability. Soil cover was classified into compact and disaggregate, as a proxy of burrowing capacity. Grazing intensity per plot was estimated using the same 6 browsing damage classes in the shrubs growing in each plot, and herbivore abundance by the dung abundance. In this case, we further classified dungs by herbivore type: small (lesser than sheep, Dorcas Gazelles mainly); medium (sheep, goat, Addax and Scimitarhorned Oryx); and big (donkeys and camels). In addition, vertical plant structure, as a proxy of predation risk, was estimated as the proportion of plant contacts at four heights (<10 cm; 11e25 cm; 26e50 cm; >50 cm) every 0.5 m in the plot diagonal (7 m). In each plot, we recorded the presence of holes per plot in 3 classes: absence; 1e5 holes; and 5e25 holes, as a proxy of micromammal facility for burrowing and nesting. Finally, we classified the terrain around each trap, in an increased order of nesting and burrowing difficulty, into 4 classes: with concavities; plain, with 0e30 cm convexities; with 30e100 cm convexities. Table 2 shows microhabitat variables used in the analyses.
Statistics
Macrohabitat
To evaluate the influence of the different main factors in the configuration of the rodent assemblage, we have tried several approaches. First of all, we examined the relationship between micromammal abundance (response matrix) and environmental variables and floristic composition using Redundancy Direct Analysis (RDA), since the ordination analysis after a preliminary DCA indicated a dominance of linear gradient (Gradient length < 3; Leps and Smilauer, 2003) . RDA is a constrained linear ordination method, analogous to a multiple regression for all species simultaneously (a multivariate regression), in which the response variables are constrained to be a linear combination of the environmental variables. This type of analysis is robust to moderate normality assumptions violations, and it works properly with biased distributions (Leps and Smilauer, 2003) . Initially, we included all the variables in the model (see Table 1 ), although a first screening using forward selection with Monte Carlo randomization test (9999 permutations) was used to reduce the number. In a second step, only significant variables were retained in the final canonical ordination models. Significance of canonical axes to explain variation in rodent abundance was tested by Monte Carlo permutations (n ¼ 9999). Global results of the ordination test were additionally confirmed by visual inspection of biplots between species-environmental variables.
Variance partition was used to evaluate relative importance of different groups of variables to explain variation in rodent abundance. We used variance absorbed by models including as response matrix the abundance of each species per site; and as explanatory matrix: i) environmental variables matrix; ii) floristic composition matrix; iii) each of the previous, including the effect of the other one as a covariable matrix. Thereafter we estimated the contribution (variance explained) of each single matrix, including the part shared with the other one, and variance unexplained, by solving an equation system. Response matrix was log-transformed and rare, infrequent species importance was minimized (as recommended in Leps and Smilauer, 2003) . These analyses were performed with the CANOCO 4.5 software (Ter Braak and Smilauer, 2009) .
Secondly, we used General Linear Models with a Poisson distribution to analyse relationship between species richness per site, and explanatory variables. Due to the high number of variables, we applied different strategies to avoid model overparameterization. Floristic composition, predation risk and food availability set of variables (see Table 1 ) were each reduced via Principal Component Analysis (PCAs). PCAs were carried out to obtain components (axes) enabling simple interpretation and avoiding the problems of colinearity detected among the original variables in an initial exploratory analysis. For floristic composition was chosen the covariance matrix, based on mean-centered variables, because it is appropriate when the variables are measured in comparable units and differences in variance between them makes an important contribution to interpretation. For environmental and structural variables, we used the correlation matrix, based on variables standardized to zero mean and unit variance, which is necessary when variables are measured in very different units (Quinn and Keough, 2002) . For soil type and grazing pressure, we Spearman correlated original variables and when a pair of variables showed correlation higher than 0.7, we selected one of those. We have used model averaging to estimate the importance of explanatory variables in a final averaged model, in which the parameters for each variable are averaged across the range of possible models (Burnham and Anderson, 2002) . All possible models were ranked using Akaike's information criterion, adjusted for small samples (AICc), according to which the most plausible model is that with the lowest AIC value (Burnham and Anderson, 2002) . Akaike weights (wi), representing the relative probability for a model i to be the best among considered models, were calculated for the subset of models having DAICci (AICcbest À AICci) 2, following Burnham and Anderson (2002) . Model-averaged parameter estimates and their unconditional standard errors (USE) were calculated from this set of models. In addition, the relative importance of each variable within the best models set was calculated from the sum of the Akaike weights of those models in which each variable appears (for similar approximations see Noguerales et al., 2015) . We considered that the effect of these variables was consistent and significant only if the 95% confidence interval of each variable's estimate (estimate ± 1,96 Â USE) excluded 0. A Z test was carried out to test for variable significance.
All variables were transformed to meet normality assumptions. Percentage variables were arc-sin transformed, count variables were square root transformed and continuous variables were logtransformed. 
Microhabitat
We used General Linear Mixed Models (GLMM) with a binomial distribution to analyse relationship between explanatory variables and presence/absence of single species per trap. We used only species with presences enough to perform correctly the analyses. In these cases, we randomly selected traps with no capture to be used as pseudoabsences. The number of random pseudoabsences was the same than presences. In all cases, trapping site was included as random variable.
As in the case of macrohabitat analyses, we used the same procedure to reduce the number of variables and to avoid model overparameterization. Besides, we have also used model-averaging approach (see above). PCA analyses were carried out with Infostats software (Di Rienzo et al., 2014) . The rest of analyses were carried out using R 3.1.2 software, employing the lme4 package (Bates et al., 2014) to construct models, and the MuMIn package (Barton, 2012) for model averaging.
Results
As an exploratory analysis, we examined differences on total species richness and micromammal abundance (total and per species) between trapping sites, in integral zones and buffer zones. Only M. crassus, with just 6 individuals captured, was significantly more abundant inside integral zones than outside (Mann-Whitney U test; Z ¼ À2.169; p ¼ 0.03). Anyway, and due to the interest in evaluate differences attributed to grazing regime, we have included the factor zone (grazing vs. natural) in subsequent analyses.
Small mammal captures
In total, 113 individuals of six different species were captured, 98 being captures and 15 recaptures during the 2000 trapping nights.
Only the 98 captures were used for the analyses. Gerbillus tarabuli was captured in 11 trapping sites; G. campestris, in 3; G. amoenus, in 6; and G. gerbillus was captured just in 1 trapping sites; Meriones crassus in 4 and Meriones shawii in 6 trapping sites. Capture indices (as percentages relative to trapping effort) reflect differences in abundance among the six species: G. tarabuli (3.05); M. shawii (0.80); G. amoenus (0.50); M. crassus (0.30); G. campestris (0.15); and G. gerbillus (0.10).
Macrohabitat selection e assemblage configuration and species preferences
RDA showed a significant relationship between micromammal assemblage and environmental variables, and it included 3 variables: compacted soil (CS), absorbing 33% variance of the model; the frequency of 50e150 cm plant canopy patches (CAN50-150 cm), absorbing 11%; and shrub cover (SHRUB), and absorbing 8%. In summary, RDA produced two axes, the first one related to soil characteristics and burrowing capacity; and the second one related to plant structure as a probable combined food availability and predation risk perception gradient (Fig. 4) . Two species showed clearly preference for sites with low values of CS: G. tarabuli and M. crassus. For the rest of species, there was no evident preference in relation with soil type. G. tarabuli and G. gerbillus showed slightly association with higher values of CAN50-150 cm, that is, toward sites with medium-sized plant canopies while Meriones species showed the opposite. Both Meriones species and G. amoenus positively associated to high shrub cover (Fig. 4) .
In relation with the association between the micromammal assemblage and floristic composition, RDA was significant, including three plant species: Zizyphus lotus, which absorbed 28% of the variance, Lycium afrum, 13% and Anabasis oropediorum, 11%. Both G. gerbillus and G. tarabuli preferred sites with A. oropediorum and showed avoidance of sites with higher Z. lotus cover while the Meriones species showed preference for sites with high L. afrum cover (Fig. 5) .
Variance partition estimated with partial RDAs showed the importance of shared effects between environmental and floristic variables (34.2%) to explain rodent assemblage configuration at macrohabitat scale. Pure effects were also important, both floristic (14.4%) and environmental (14.4%). Unexplained variance accounted for 33.2% (Fig. 6 ).
Macrohabitat selection e species richness and rodent abundance
PCAs carried out to reduce the number of original variables and generate ecological meaningful gradients yielded 2 significant axes for Predation risk variables, absorbing 65% of the variance; 1 axis for Food availability variables, absorbing 75% of the variance; and 5 axes for Floristic composition absorbing 78%, although the first two of them absorbed 49% of the variance, and were considered for further analyses (see Appendix A, Table A .1). Spearman correlation allowed to select compact soil, but no correlation was found between grazing intensity and dung abundance, so both variables were included in the analyses (Appendix A. Table A. 2). Model selection process for the rodent species richness per trapping site included only three out of 512 models within the DAICc 2. Only two variables were included in these three models, although only one, the first axis coming from Floristic composition (PCA_Flor1) nearly yielded significance, with a negative effect on rodent species richness (Appendix A. Table A. 3). This result suggests that rodent species richness decreased in trapping sites with Z. lotus.
Model selection for the rodent abundance per trapping site included only two out of 512 models within the DAICc 2. Two variables were included in these two models: Compact Soil (CS) nearly yielded significance, being more the abundance in less compact soils, and the first axis from Floristic composition (PCA_-Flor1), with a negative effect on rodent abundance (Appendix A. Table A. 3). As in the case of species richness, this suggests that rodent abundance decreased in trapping sites with Z. lotus.
Microhabitat selection e species preferences
Similarly to those analyses for macrohabitat, we carried out PCAs on original variables to reduce number and generate ecological meaningful gradients. PCAs yielded 2 significant axes for Predation risk variables, absorbing 79% of the variance; 2 axes for Food availability variables, absorbing 58% of the variance; and 10 axes for Floristic composition absorbing 78%, although the first two of them absorbed 34% of the variance, and were considered for further analyses (see Appendix B, Table B .1). In this case, Spearman correlation allowed to select holes and compact soil from soil characteristics, and dung from small herbivores, dung from sheep and grazing intensity (Appendix B, Table B .2).
Only two species had data enough to model relationships between explanatory variables and presence. In each case, we randomly selected the same number of traps with no capture to be used as pseudo-absences. In the case of G. tarabuli, which it was captured in 53 traps, we randomly selected 53 uncaptured traps as pseudo-absences. Model selection process for G. tarabuli presence included nine models, within the DAICc 2. Nine variables were included in these nine models, although just the factor zone and the first axis coming from Floristic PCA (PCA_Flor1) yielded significance, the last with a positive effect on G. tarabuli presence (Appendix C. Table C.1). This result suggests that G. tarabuli preferred plots in grazed sites and with presence of Hammada scoparia, Plantago albicans and Asphodelus tenuifolius, and similarly, with Lithospermum apulum and Eragrostis papposa (Appendix B. Table B. 3), some of them being grazingepalatable species.
M. shawii was captured in 15 traps, and an equivalent number of uncaptured traps were randomly selected as pseudo-absences. Model selection process for M. shawii presence included nine alternative models within the DAICc 2. Nine variables were included in them, although just PCA_Flor2 showed negative significant effect on M. shawii presence (Appendix B. Table B. 3). This result suggests a preference for plots with Pituranthos scoparius and Cenchrus ciliaris, unlike that shown for G. tarabuli.
Discussion
Our results are among the few to describe capture rates and habitat selection for these species of desert North African rodents. These results show low capture rates, similar to those described for rodents in South American deserts (Traba et al., 2010) , reflecting the low density of animals as a probable consequence of low productivity of deserts (Kelt, 2011; see however, Granjon et al., 2002) . G. tarabuli is the only species escaping this low density pattern, suggesting a more generalist behaviour, and perhaps some resistance to grazing effects, due to its preference for sites with palatable species. Results of macro and microhabitat selection points to the potential relevance of floristic composition in the configuration of this rodent assemblage, against previous work that has pointed to abiotic factors as main drivers in small mammal assemblages (Kelt, 2011) .
Macro and microhabitat selection
Partial community analysis showed relevant variables at macrohabitat. In the case of environmental factors, near all the species showed preference for disaggregated soils, avoiding trapping sites with high levels of compacted soil. This could be related to the ability to excavate burrows, and the preferences for sandy soils described generically for the majority of the species in this assemblage, excepting G. campestris (Aulagnier and Grajon, 2008; Aulagnier et al., 2008a, b, c; Granjon et al., 2008a, b) . The predominance of compacted soils vs. disaggregated soils in the study area (CS: 432.24 ± 29.92 m/transect and DS: 28.49 ± 28.27 m/ transect) could help to explain the low animal density (expressed through the low capture indices), as the rodent density seems to be related to the number of high quality sites for breeding and burrowing (Morris, 2003) . Other relevant environmental variables were Shrub cover and the dominance of medium size plant patches (Can50-150). These variables segregated Meriones species and G. amoenus, which preferred high shrub cover and avoided localities with medium plant patches. G amoenus has been previously related to less favourable habitats, where risk predation is higher, which has been explained by its smaller body size (Granjon et al., 2002) . In addition, some kind of use of abandoned Meriones burrows by G. amoenus should not be discarded (pers. obs.). Shrub cover and size of plant patches seemed to be negligible on the rest of rodent species, suggesting a more generalist behaviour in terms of foraging activity and/or predator avoidance than Meriones and G. amoenus, as in other Gerbillus species (Kotler et al., 1991 ; see however Krasnov et al., 1996) .
As variance partition showed, floristic composition seemed to be associated to assemblage configuration at macrohabitat scale. Despite this is critically dependent on the spatial scale used in the study (Morris, 1992) , we think that both scales, macro-and microhabitat (100 m 2 and 25 m 2 , respectively) reflects adequately the dispersal and foraging scales for the studied species. In summary, species segregated better as a function of the presence of certain plant species than of soil type or plant cover. G. tarabuli, the most abundant species in the study area, and G. gerbillus seemed to avoid trapping sites dominated by the wild jujube Z. lotus. This Rhamnaceae species is a tall (up to 3 m) and dense shrub, which usually shows a clumped distribution, and can be used as perch and nesting for aerial predators. On the contrary, at both macro-and microhabitat scales (see below), G. gerbillus seemed to select localities with scattered small-medium size shrubs (usually with a crown less than 1.5 m diameter), such as Hammada scoparia and Anabasis oropediorum. These are sparse and near leafless small shrubs, which hardly can serve as a perch for aerial predators, and more probably can increase refuge from aerial predators. Finally, Lycium afrum (family Solanaceae), a medium or large-sized, dense and thorny shrub, was apparently preferred by the rest of rodent species, and specially by the Meriones species. Although these rodent species have been included as a predominant part of the diet of aerial predators in desert environments (p.e.: Abramsky et al., 1996; Charter et al., 2012; Sekour et al., 2014) , our results are far from allowing the extraction of predation risk-related patterns, and other kind of factors could be intervening. For instance, Z. lotus and L. afrum usually form intricate clusters of several meters in diameter, thus favouring the deposition of aeolian sand and protecting other plant species from grazing. In addition, these both shrub species produce pulpy and succulent fruits (drupe) that may represent an important input of fruits and seeds. An alternative explanation may be related with the competitive relationships among species, which may also be behind the differences on habitat selection found, even more taking into account differences in body size between rodent species. Desert rodent competitive relationships are very common among coexisting species and plays an important role on habitat partitioning and community organization, though separating the relative importance of competition and predation in the configuration of rodent communities remains unclear (see Kelt, 2011 ; for a review).
The importance of vegetation in macrohabitat rodent selection and assemblage configuration has been previously indicated. Openness of vegetation can be a crucial factor to structure of rodent communities in desert, generally reflecting a positive relationship between small mammal density and plant density (Kotler and Brown, 1988; Tabeni and Ojeda, 2005) . In some cases, dietary preferences have been emphasized, selecting fresh leaves with high water and protein content, and avoiding phenolic compounds and tannins (M. crassus, Kam et al., 1997) . Desert Gerbilline rodents consume mainly plant material, in particular seeds, being the ability to search for forage under different environmental conditions the main factor explaining differential macrohabitat selection (Kotler and Brown, 1988; Degen et al., 1997; Krasnov et al., 2000) . In addition, and despite the relatively low variance absorbed in our floristics PCAs, we think that they are explicative about the more frequent and abundant plant species. In this sense, though considering that these results come from a low capture number, floristic preferences could be simply reflecting a coincidence in plant-animal requirements, more than a positive selection of certain plant species by rodents. However, an effect of small mammals on plant structure has been found (Vander Wall, 2010) , considering that a mutualistic relationship between plants and rodents could have emerged after evolutionary time, thus generating a particular floristic composition as a function of the rodent assemblage (Vander Wall, 2010) .
In relation to species richness, we have found a consistent pattern of low local richness but higher overall diversity. This is similar to that found for desert small mammals, with a low alpha diversity but a sensibly higher beta diversity (Kelt et al., 1996) . In this sense, the clusters of Z. lotus forming sand accumulations may have expanded effects to different fauna groups, and specifically to rodents, as species richness was negatively associated to Z. lotus presence (Goodall and Perry, 1981) , as was to rodent abundance. The last seems to be related to the avoidance of G. tarabuli of sites dominated by Z. lotus, but in general, it seems that sand accumulation and intricate plants are negative to species richness and abundance, despite the apparent burrowing capacity and/or shelter supplied by this particular plant species. In general, rodent diversity has been negatively related to plant productivity (Abramsky and Rosenzweig, 1984; Kotler and Brown, 1988) .
Variables directly related with animal frequentation and grazing pressure showed no effect on richness and rodent abundance, not at macro or microhabitat scales, excepting the case of G. tarabuli. Apart from this species, our results are similar to those reported by B€ osing et al. (2014) in South Africa, one of the few works including grazing pressure as predictor of rodent diversity and abundance in desert systems. On the contrary, Tabeni and Ojeda (2005) showed that small mammal richness decline in grazed areas of the Monte desert (Argentina). This may reflect the difficulty to find general patterns in spatio-temporally heterogeneous environments as deserts (Corbal an, 2006) . Grazing could modify rodent assemblage only over certain thresholds of intensity or, alternatively, grazing could be affecting the studied rodent community through other variables such as soil texture and/or vegetation structure and composition, due to historic grazing activity in the area. The former option is not supported by our study, which included a balanced design of trapping sites inside and outside of the fenced integral zones, with a current quite different stocking rate, and clear differences in livestock frequentation and grazing pressure variables. In contrast, it is feasible that the grazing effect was removed by the inclusion of environmental variables, which in part are derived from this historic land-use. In the case of G. tarabuli, we cannot disentangle the floristic effect from the pure grazing one, so it is difficult to ascertain which are the main drivers explaining habitat preferences.
In this sense, G. tarabuli showed microhabitat selection for plots with Asphodelus tenuifolius, an unpalatable species which could persist under heavy grazing pressure (Gamoun, 2014) . Similarly, M. shawii showed an only floristic microhabitat selection pattern, although with a segregated preference respected to what G. tarabuli selected. As we mentioned earlier, this could reflect a coincidence in plant-animal requirements, more than a floristic selection pattern. Anyway, the inclusion of only this kind of variables in the microhabitat model-averaging procedure is distinctive compared with previous works, which have highlighted the importance of abiotic features, as soil characteristics on the configuration of desert rodents assemblages (Kelt, 2011) .
Conclusions
Our results at macro-and microhabitat seem to be greatly concordant, especially in the role played by floristic composition both in the rodent assemblage as in the abundance of single species. In relation with macrohabitat, our results support the configuration of two different desert rodents assemblages in this region of North Africa: one assemblage characterized by species requiring disaggregated soil, probably for burrowing necessities (G. tarabuli, M. crassus, G. campestris); and the other one characterized by species that require maximize shrub cover, presumably related to food availability, but probably to minimize predation risk too (M. shawii and G. amoenus). G. gerbillus seems to present a distinctive macrohabitat selection pattern. Floristic preferences could be segregating among these species, although it could also be due to a coincidental habitat selection of abiotic features between rodents and plants. Our results at the microhabitat scale, although carried out just for two species, can highlight the role of floristic composition to segregate between rodent species. Some studies mentioned that predation is an additional cost of foraging on rodents and it influence on habitat selection and foraging decision strategies (Kotler et al., 1991) . Therefore, feeding and foraging behaviour will often be a trade-off between maximizing feeding efficiency and reducing predation risk. Future studies should consider the possible role of the different plant species on supplying shelter or food for such rodent communities so as to better understand the mechanisms explaining its pattern of habitat selection. Furthermore, segregation at the level of microhabitat has been suggested as a means of coexistence in sympatric small mammals (Traba et al., 2010) . However, other authors consider that macrohabitat selection is the main factor shaping rodent assemblages (Morris, 1987) . Our results are consistent with both approaches (see Traba et al., 2010) , and despite the low capture number for several of the study species, we suggest that this rodent assemblage could be competitively segregated, at least in relation to abiotic and floristic factors at macroscale, and only to floristic at microscale.
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